Abstract : Objective of the study was to compare reflectance spectrum in the blade and the vein parts of cabbage and kale leaves. A total 6 cabbage and kale leaves were taken from a plant factory in Chungnam National University, Korea. Spectra data were collected with a UV/VIS/NIR spectrometer (model: USB2000, Ocean Optics, FL, USA) in the wavelength region of 190 -1130 nm. Median filter smoothing method was selected to preprocess the obtained spectra data. We computed reflectance difference by subtraction of averaged spectrum from individual spectrum. To estimate correlation at different parts of cabbage and kale leaves, cross -correlation method was used. Differences between cabbage and kale leaves are clearly manifested in the green, red and near -infrared ranges. The percent reflectance of cabbage leaves in the NIR wavelength band was higher than that of kale leaves. Reflectance in the blade part was higher than in the vein part by 18%. Reflectance difference in the different parts of cabbage and kale leaves were clear in all of the wavelength bands. Standard deviation of reflectance difference in the vein part was greater for kale, while the value in the blade part was greater for cabbage leaves. Standard deviation of cross -correlation increased from 0.092 in the first sensor (UV/VIS) and 0.007 in the second sensor (NIR) to 0.099 and 0.015, respectively.
I. Introduction
Remote sensing techniques are well-established non-instructive tools in assessing changes in the structure and function of ecosystems. Remote sensing of the optical properties of different cultural plant species subjected to stress factors gives the possibility to distinguish symptoms below the subjective level of detection and timely to mitigate the risk of their action. The spectral characteristics of vegetation are determined mainly by scattering and reflectance characteristics of the internal leaf structure and biochemical constituents (Krezhova et al., 2005) .
A green leaf contributes photosynthesizing and yields a typical healthy green reflectance spectra with strong leaf pigments in the blue and red regions, and a peak in reflectance in the green region of the visible spectrum. The high diffuse reflectance of the nearinfrared (700 -1200 nm) energy from plant leaves is due to the internal scattering at the cell wall -air interfaces within the leaf. A water vapor absorption band exists at 920 -980 nm. Therefore, the optimum spectral region for sensing in the near -infrared region is believed to be 740 -900 nm (Jensen, 2000) .
Several studies have related spectral reflectance with different crops (Gates et al., 1995; Liu et al., 2011) (Zwiggelaar, 1998) .
Objective of the paper was to compare reflectance spectra in different parts between Chinese cabbage and kale leaves in visible and near -infrared wavelength bands.
II. Materials and Method 
Spectra measurements
Reflectance spectra were measured at evenly distributed 18 points (9 points in each blade and vein parts) using a Jaz spectrometer (model: USB2000, Ocean
Optics, FL, USA) in a dark external condition. The spectra measured at the 9 points on each part of each sample were averaged and then the mean spectrum was used as a representative spectrum of each sample leaf.
Data analysis
To reduce the noise, the original spectral data were preprocessed by median filter method with a 7 segmentsize using the Unscrambler (ver. 9.7, CAMO Process AS, Norway) software package based on preliminary data analysis and results suggested by Suh et al. (2012) . Reflectance difference was computed by subtraction 
III. Results and Discussion

Leaf reflectance
Reflectance spectra of leaves between 400 -1050 nm measured for cabbage and kale leaves are shown in Fig. 3 . Percent reflectance of kale and cabbage leaves in visible wavelength (VIS) were quite different.
As it could be seen, the differences between cabbage and kale leaves were clearly manifested within 520 -580 nm, and 690 -800 nm ranges. The highest reflectance of kale leaves in VIS wavelength were about 10% and 12% at the blade and vein parts, respectively, while the highest of cabbage leaves were about 5% at both of the blade and vein parts. However, the percent reflectance of cabbage leaves in NIR wavelength band was higher than that of kale leaves. Reflectance in the blade part was also higher than in the vein part by 18%.
Reflectance difference
The reflectance difference for each wave-band was computed between averaged reflectance and each reflectance as in the following equation (Hu et al., 2010) . 
IV. Conclusion
Overall, the results of the reflectance measurement indicate that there is difference in VIS wavelength band between Chinese cabbage and kale leaves. In the NIR wavelength band, however, the reflectance difference was lower in the same parts of both species. Standard deviation decreased from kale leaves to cabbage leaves in the blade part while it increased in the vein part. 
